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I. - OBJECTIVE 
h e  objec t lye  of t h i s  program is tc establ ish a co r re l a t ion  between 
de fec t s  - primarily poroai ty  - and mechanical behavior of a weld. A more 
s p e c i f i c  ob jec t ive  i s  to  be ab le  t o  use t h i s  r e l a t ionsh ip  to de r ive  working 
weld acceptance c r i t e r i a .  It is recognized t h a t  the imustry is already i n  
operat ion with not one, but several weld acceptance c r i t e r i a .  hi8 program 
does not intend t o  dupl ica te  these c r i t e r i a ,  but t o  make them more a e f i a i t i v e .  
h e~sence, the  bene f i t  of t h l a  program i a  t o  place t h e  user  i n  a I o s i t i m  t o  
conf ident ly  accept more defec ta  i n  t h e  as-ia condition, so that t h e  irltro- 
duction ol' t h e  s p e c i f i c  defec t ,  which is weld repair, w i l l  be minimized. 
argument can be more f u l l y  appreciated when considerat ion i n  given t o  the 
reduct ion i n  mechanical p rope r t i e s  which i s  caused by mult iple  repair .  
11. DISCUSSION 
This 
The practical 8uccess of t h i s  program dependa on the  a b i l i t y  t o  make 
If re l a t ionsh ips  for more accura te  pred ic t ion  the criteria mom def in i t i ve .  
of the  Influence of a defect  are to  be made, the defec t  m u s t  be more accura te ly  
defined i n  terma of thoee charac te r ie t lcn  of t h e  defect  which inf luence t h e  
z%?ckte.?icd propnr%iea of t h e  j o i n t .  
aystcm which considers ,  i n  g rea t e r  d e t a i l  than preserk c r i t e r i a ,  sl7.e,  sr.ape, 
and p o s i t i o n  of t h e  defec t  w i t h  re3pect t o  the tmundaries of tt'e wsld p ,d~ i l e .  
Once t h e  c l a s s i f i c a t i o n  system is derived, t h e  r e l a t ionsh ip  netupen t h e  system 
and m c h a n i c a l  proper t ies  w i l l  be estabiivhed by a st raightforward empi: c a l  
approach using s t a t i s t i c a l  techniques. 
RGS, we must  develop a c l a s s i f ! ca t ion  
The first t a s k  i n  t h e  study of de fec t s  is t o  find the defect3 t c  rtuay. 
The pract!cal  t a s k  t o  which t h e  progrwn has been addressed f o r  the l a r g e r  part 
O f  t h e  e f f o r t  t o  date, is t o  f i n d  a IIBaM of pmducing defecta  w i t h  s u f f i c i e n t  
p r e d i c t a b i l i t y  and consistency of occurrence t o  ;:low a  statistical:^ plAMed 
ard e f f i c i e n t  program t o  be conducted. If W e  are to obta in  t b n  
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I XI 0 DISCLESION (Continued ) 
required numbers of defec t s  within A given c l a e s i f i c a t i o n ,  we must develop a 
. technique fo r  producing d e f e c t s  which introduces a minimum of weld8 which must 
which would be produced would be done so with  a minimum of dev ia t ion  from 
starxiard welding procedures. 
which is measured ref lects  the  de fec t  i t se l f ,  r a t h e r  than the  means which was 
used to produce t h e  defect .  
larger part of poros i ty  type d e f e c t s  t o  hydrogen or water vapor, a r t i f i c i a l  
means of introducing t h e s e  contaminants have besn t h e  primary experimentd 
variables. 
I 
This is  necessary i n  o rde r  t h a t  t h e  inf luence 
Since current t echn ica l  th inking  a t t r i b u t e s  t h e  
111. PFtEENT STATUS 
Contaminants have been introduced t o  weld beads by c o n t d n a t i n e ;  t h e  
surface of t h e  weld f i l l e r  wire, or by contaminating t h e  sh i e ld  gas which 
ourrounds t h e  electrode. F i l l e r  wire t reatments  have included the  following: 
1, As received. 
2. 6WoF d r y  atmosphere bake. 
3* 
L. 
5 .  Soak wire i n  hot  water. 
6 .  Anodiee the wire with various current  d e n e i t i e s ,  bath temperatures, 
Surface cleaning w i t h  an a l k a l i n e  solut ion.  
Exposure of the  w i r e  t o  high-humidity, warm air. 
and times to o b t a i n  B porous coating. 
CethodicalLy charge w i r e  with hydrogen. 7. 
The above wlre  t reatments  general ly  d i d  not g i v e  F if f i c i e n t  pc roqi ty, 
i n  t h e  downhand welding pos i t i on ,  t o  enable a broad range defect study. 
anodized wires did  give porosi ty ,  but not enough t o  p r o d  de t he  whole range of 
experimental  in terest .  Perhaps l a t e r  work on horizontal  posi t ion w e l r l i  ng will 
show more promise for t h e s e  techniques. 
The 
The second technique, adding contaminant gas to the  s h i e l d  gas, hss been 
mre s u c c e s s f u l  in providing a control led and p red ic t ab le  l eve l  o f  yorosity. 
we have added moisture up t o  a dew point  of approximately +I.O°F, snd hydrogen 
, c' y ' * *  ,. .r' . ,  *' 
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111. PRESENT STP."?]S (Ccntinued) 
up t o  t h e  ra t io  15 CFH hydrogen t o  80 CFH helium, arrd have added mixtures of 
the two gases in l eve l8  up to t hese  values. Cross-section micrograph8 and 
k r 4 e  were shown which demonstrated that, with f l a t  welding, t h e  h'gh extreme 
of porosi ty  which is of i n t e r e s t  was obtained u l t h  a %?3'F dew point ,  zero 
hydrogen; o r  with law dew point (as received),  and 5m hydrogen. 
ho r i zon ta l  welding pos t t ion  "bad" porosi ty  was obtained with lesser amounts of 
hydrogen and moisture. 
of poros i ty  can be obtained w i t h  horizontal  welding a t  contamination l e v e l s  
which are e u f f i c i e n t l y  low t o  have a minimal i r f luance  on a r c  a t a b i l i t y  and arc 
h e a t  input. Thua, a modif icat ion of the program was suggested which places t h e  
mJor emphasis on hor izonta l  welding, which K i l l  be followed by v e r i f i c a t i o n s  i n  
the  defact-poroeity c h a r a c t e r i s t i c  i n  t h d  v e r t i c a l  and f l a t  pos i t ions .  
In  the  
A conclusion f r o m  these  d a t a  is t h a t  p red ic tab le  leve l8  
I 
Side e f f e c t s  were illustrated i n  terma of arc cur ren t  and a r c  vol tage 
s t a b i l i t y  with var ious l e v e b  of &tamination. 
i l l u c t r a t e d  ih terms of bead surface, shswing a d e t e r i o r a t i o n  i n  sur face  smooth- 
ness K i t h  increasing hydrogen o r  m i d u r e .  
Side e f f e c t s  were also 
I IV. CONCLUSION 
The conclusion which can be offered a t  this time is that. the program 
has developed s u f f i c i e n t  backgmulid inl 'ormtion t o  enable pred ic tab le  and con- 
t r d l a b l e  f?.+reckction of defects to  aluminum welds. 
c o r r e l a t i o n s  betireen mechanical propertierr and defec t ive  welds t o  e s tnh l i  s h  t h e  
range of exper iaenta l  i a t e r e a t  for a cont ro l led  s t a t i s t i c a l  proerm. A t  t h i s  
t i m e ,  we are ab le  t o  i n i t i a t e  t h e  i n t e n t i o n a l  defec t  program in a s t a t i s t i c a l  
fash ion  to  develop the f ina l  co r re l a t ion  which i s  t h e  ob jec t ive  of t h e  program. 
Mechanical p rope r t i e s  ui11 be reported i n  both l o n g i t u d i r n l  and t ransverse  
t e n s i o n ,  u l t imate  strength, t e n a i l e  s t rength ,  bead shape, welding parameters, 
and elongation in gage lengths  of ,2, -4 ,  .6 ,  .8, 1.0, and 2.0 Inches, 
We had preliminary 
